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which the bursts of the communication signal are transmitted and the spatially-separated antennj T(2o)^ed to transduce th^u^ofuV 
commumcation signal, both transmission space diversity and frequency diversity is created transduce the bursts of the 
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TRANSMITTER DIVERSITY ASSEMBLY 
AND ASSOCIATED METHOD FOR RADIO TRANSMITTER 

CROSS-REFERENCE TO RELATED APPLICATIONS 
The present invention is a continuation-in-part of application serial number 
08/665,501 filed on 18 June 1996. 

The present invention relates generally to apparatus and methods for 
overcoming multi-path fading of communication signals transmitted upon a 
communication channel susceptible to multi-path fading. More particularly, the 
present invention relates to a transmitter diversity assembly, and an associated 
method for creating signal diversity, such as transmission space diversity, 
polarization diversity, or frequency diversity, for a transmitter which transmits the 
communication signals upon the communication channel. The signal diversity 
created through operation of the assembly mitigates the effects of fading of the 
communication signals transmitted upon the communication channel. 

The transmitter diversity assembly, and its associated method of creating 
signal diversity, is advantageously utilized, for example, at a base station of a 
cellular communication system. The transmitter diversity assembly, and its 
associated method, is advantageously utilized to create signal diversity both in a 
conventional cellular communication system which transmits analog communication 
signals and in a digital cellular communication system. When used at a base station 
of a digital cellular communication system, or at a transmitter of another digital 
communication system to create transmission space diversity, communication signal 
bursts are transmitted from different antennas of an antenna assembly, thereby to 
create the transmission space diversity. The transmitter diversity assembly, and its 
associated method, is also advantageously utilized to create frequency diversity in 
conjunction with a communication system which utilizes a frequency hopping 
scheme. And, the transmitter diversity assembly, and its associated method, is 
further advantageously utilized to create polarization diversity in conjunction with a 
communication system which utilizes a polarization hopping scheme. Use of the 
transmitter diversity assembly to create a combination of frequency, transmission 
space, and/or polarization diversity further mitigates the effects of fading of the 
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communication signals transmitted upon the multi-path channel. 

BACKGROUND OF THE INVENTION 

A communication system is formed, at a minimum, of a transmitter and a 
receiver interconnected by a communication channel. Communication signals 
generated by the transmitter are transmitted upon the communication channel to be 
received by the receiver. 

A radio communication system is a type of communication system in which 
the communication channel is formed of a radio frequency channel. A radio 
communication system is advantageous for the reason that a fixed, or hardwired, 
connection is not required to form the communication channel extending between 
the transmitter and receiver. Communication can be effectuated between remotely- 
positioned transmitters and receivers without the need to form the hardwired or 
other fixed connections therebetween. 

A cellular communication system is a type of radio communication system. 
When the infrastructure, hereinafter referred to as the network, of the cellular 
communication system is installed in a geographical area, a subscriber to the cellular 
system is generally able to communicate telephonically in the system when 
positioned at any location within the geographical area encompassed by the cellular 
network. 

Technological advancements and economies of scale have contributed to 
lowered costs of communicating pursuant to a cellular communication system. 
Concomitant with the decreased costs of communicating pursuant to a cellular 
communication system has been an increase in usage of such systems. In some 
instances, conventional cellular communication systems have been operated at their 
maximum capacities. When operated at their maximum capacities, access is 
sometimes denied to additional users attempting to communicate pursuant to such 
systems. Ongoing calls are sometimes also adversely affected. 

To avoid capacity problems and to permit an increase in the number of users 
permitted to utilize a cellular communication system, attempts have been made to 
increase the communication capabilities of such systems. To increase 
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commutation capacities, some conventional, cellular communication systems 
usmg conventional, analog technologies have been converted to digital, cellular 
communications systems which utilize digital coding and modulation technologies 
, Other radiotelephpnic, and other communication systems, have been similarly 
converted. 

Because digital communication systems gently utilize , he radio frequency 
transmission channels upon which the communication signals are transmitted more 
, efficently, increased numbers of communication signals can be transmitted upon the 
, rarno frequency channels allocated for such communication systems. 

By digitizing a „ information signal, which is modulated to form a 
communication signa.. signa! redundancies can be removed ou, of the information 
stgna without affecting the amount of inflation ttmsmittei in a communication 
stgnal formed therefrom. Also, once an rnformation sig™! is digitized a 
communication signal formed therefrom can be transmitted in discrete 
discontinuous bursts. Two or more communication sign* can thereby be 
mu..ip.exed together and transmitted sequentially upon a single frequency channel 
A twofold, or greater, increase in capacity is thereby possible when the 
communication system is converted into a digital communication system 

The communication signal transmitted upon a radio frequency channel is 
^sceptibl. to scattering, diffraction, reflection, and attenuation. Signa. reflection of 
4 : the transmitted signal causes the signal actually received by a receiver to be the 
A summation of signal components transmitted by the Emitter by way of, and some 
■"Stances, many different paths, in addition to a direct, Kne-of-sigh. path 

The communication channel is sometimes referred to as a "multi-path 
-* channel," as the signal actually received by the receiver is the summation of a 
plurahty of signal components transmitted to the receiver on a pI „rali.y of different 
paths. Values of the signal components transmitted upon tite multiple numbers of 
paths are dependent, in par,, upon their re.a,ive phases. Therefore, tie value of the 
summation of the plurality of signal components received by the receiver is 
dependent upon the position a. which the receiver is located when the signal is 
rece,ved The receiver might be positioned such that sigmds transmitted on the 
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plurality of signal paths add together destructively. Signal "fading" occurs when 
the signals add together destructively, and fading "dips" or "nulls" occur when the 
summation of the received signals results when such destructive addition makes 
difficult, or prevents, accurate determination of the informational content of the 
received signal. 

Because fading deleteriously effects the quality of communications, attempts 
are sometimes made to mitigate the effects of fading. The deleterious effects of 
fading are particularly problematical in a cellular communication system when a 
subscriber unit operable to communicate therein is maintained in a stationary, or 
slowly moving, position. If positioned at an area in which a fading dip is significant, 
a significant amount of sequential information might be lost. 

More particularly, various kinds of diversity are created at selected locations 
of the digital communication system to mitigate the effects of the multi-path fading. 
Time diversity, frequency diversity, receiver space diversity, transmission space 
diversity, and polarization diversity are all types of diversity which can be created to 
mitigate the effects of multi-path fading. 

When time diversity is created, signal bits of an informational signal are 
spread out, or interleaved together with other signal bits, over time, thereby to 
spread the bits over a time period. When interleaved or otherwise spread out over 
time, the likelihood that all of the bits are received at a receiver at a fading null is 
reduced. To be effective, the bit spreading requires that the fading nulls of the 
multi-path channel not last for significant time periods. If the nulls last for lengthy 
time periods, spreading out of the bits of the informational signal does not create 
diversity of levels effective to mitigate the effects of fading. 

Receiver space diversity is also sometimes created. To create receiver space 
diversity, two or more receiver antennas are positioned at two or more spaced apart 
positions, or at two or more different angles. The creation of receiver space 
diversity requires at least minimum physical separation distances between the 
receiver antennas. Such minimum separation distances cannot be provided at a 
subscriber unit operable in a cellular communication system due to the small size of 
the subscriber unit. Also, the conventional need for redundant receiver circuitry 
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portion for each of the two or more receiver antennas is size-prohibitive in a 
subscriber unit which must be of minimal dimensions. Therefore, receiver space 
diversity sometimes cannot be utilized to create necessary levels of diversity to 
mitigate the effects of fading. 

Frequency diversity is also sometimes created to minimize the effects of 
multi-path fading. Frequency hopping, i.e., transmitting bursts of a communication 
s,gnal on carriers of different frequencies, spreads the communication signal over 
various frequencies. In a digital cellular communication system, such as the Group 
Speaal Mobile (GSM) communication system, an adequate level of frequency 
diversity is sometimes unable to be created as sometimes only a limited number as 
few as, for instance, two, different carriers are available to transmit communication 
s,gnals between a radio base station and subscriber unit. As multi-path fading is 
generally frequency-selective, the transmission of bursts of tKe communication 
signal on a different frequency carriers provides a diversity effect. However the 
number of different frequency carriers upon which the bursts of the communication 
s,gnal can be transmitted are sometimes limited. Such limitations limit the amount 
of frequency diversity which can be created. 

Also, when successive carriers upon which successive bursts of a 
communication signal are transmitted are of similar fading characteristics, little 
frequency diversity is created. The coherence bandwidth is a frequency range which 
exh,b,ts s.milar fading characteristics. When successive bursts of communication 
signals are transmitted upon carriers which are within the coherence bandwidth 
httle frequency diversity is created by such frequency hopping. If successive bursts 
of the communication signal are not transmitted on carriers within the same 
coherence bandwidth, communication quality degradation occurring as a result of 
multi-path fading is of less of a problem. Appropriate selection of the carriers upon 
wh,ch to transmit successive bursts of the communication signal would therefore 
advantageously better overcome the deleterious effects of multi-path fading. 

Transmission space diversity is sometimes also created. To create 
transmission space diversity, two or more transmitting antennas are positioned at 
spaced-apart positions. In one manner of creating transmission space diversity, the 
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same information is transmitted by each of the two or more transmitting antennas, 
but the information is transmitted at offset times. In another manner by which 
transmission space diversity is created, bursts of the communication signal are 
transmitted at only one antenna at a time, but shifting between the antennas occurs 
so that the bursts are transmitted sequentially to different ones of the antennas. 
Such a manner of creating the transmission space diversity is referred to as antenna 
hopping. Existing circuitry for creating transmission space diversity, however, does 
not typically provide for complete freedom of selection of antennas, particularly in 
instances in which statically-tuned transmitter elements are utilized to modulate the 
communication signal. Polarization diversity is also sometimes created to minimize 
the effects of multi-path fading. Polarization hopping, i.e., transmitting bursts of a 
communication signal in different polarizations, permits the bursts of a 
communication signal to be transmitted according to different polarizations. 

While the creation of receiver space diversity is impractical in the mobile 
1 5 subscriber units of a cellular communication system and similarly in some other 
communication systems, and while the creation of time diversity is sometimes 
unable to overcome the effects of multi-path fading, frequency, polarization, and 
transmission space diversity can be created at a base site of a cellular 
communication system to overcome the effects of multi-path fading. Other 
communication devices of other communication systems which are susceptible to 
multi-path fading similarly can create frequency and transmission space diversity to 
overcome the deleterious effects of fading. Circuitry and methodology for a 
communication device which permits greater freedom in the creation of transmission 
space diversity and frequency diversity would be advantageous. 

It is in light of this background information related to the creation of signal 
diversity to overcome the effects of multi-path fading that the significant 
improvements of the present invention have evolved. 
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SUMMARY OF THE INVENTION 

The present invention advantageously provides a transmitter diversity 
assembly, and an associated method, which, during operation to transmit a 
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communication signal, creates signal diversity to mitigate the effects of transmission 
of the communication signal on a multi-path, fading channel. The transmitter 
diversity assembly is utilized in conjunction with any of many different types of 
transmitters including transmitters operable to generate conventional, analog 
communication signals and those which generate digitally-encoded communication 
signals. 

The transmitter diversity assembly and its associated method is 
advantageously utilized, for example, at a base station of a cellular communication 
system to create signal diversity in downlink signals transmitted by the base station 
to mob,le subscriber units. Bursts of the communication signals generated by 
transmuter circuitry of the base station are transduced by alternate ones of a set of 
spatially-separated antennas, thereby to create transmission space diversity. 

In one aspect of the present invention, the communication signals are 
transmitted upon successive carriers in which selection of which of the carriers upon 
wh,ch to transmit successive portions of the communication signals is made 
responsive to transmission characteristics of the communication channels upon 
which the communication signals can be transmitted. 

In another aspect of the present invention, the transmitter diversity assembly 
creates both frequency diversity and transmission space diversity. The 
communication signal generated at the base station is generated pursuant to a 
frequency hopping scheme to create diversity, and transmission space diversity is 
created through operation of a diversity antenna assembly. The frequency diversity 
created by the frequency hopping of the communication signal together further 
mitigates the effects of fading of the communication signal transmitted upon a muhi- 
path communication channel. 

In yet another aspect of the present invention, the transmitter diversity 
assembly forms a diversity antenna assembly which creates transmission space 
diversity. The diversity antenna assembly of an embodiment of the present invention 
and ,ts associated method for creating transmission space diversity are particularly 
advantageously utilized when other manners by which to create diversity to mitigate 
the effects of multi-path fading are unavailable. For instance, in a cellular 
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communication system, transmission space diversity is sometimes the only type of 
diversity which can be created to mitigate adequately the effects of mufti-path 
fading. Receiver transmission diversity can sometimes not be adequately created at 
a subscriber unit due to the small dimensions of many subscriber units. Time 
diversity also sometimes can not be adequately created depending upon the fading 
characteristics of the multi-path channel upon which the communication signal must 
be transmitted, and sometimes frequency diversity cannot be adequately created due 
to the limited number of different carriers which might be available at a particular 
time. 

In still another aspect of the present invention, the transmitter diversity 
assembly creates polarization diversity. The communication signal generated at the 
base station is generated pursuant to a polarization hopping scheme. The 
polarization diversity-created by the polarization hopping of the communication 
signal also mitigates the effects of fading of the communication signal. And, 
1 5 polarization diversity can be created in conjunction with other types of diversity. 

The diversity antenna assembly of an embodiment of the invention provides a 
multi-antenna assembly. Communication signals are transduced by selected ones of 
the antennas when connected to transmitter circuitry which generates the 
communication signals. Switching between selected antennas of the antenna 
20 assembly is effectuated quickly and, in one embodiment, switching occurs at 

baseband frequencies. When used in conjunction with a frequency hopping scheme, 
selection of the antennas at which the communication signal is transduced is 
selected, in part, responsive to the frequency of the carrier upon which the 
communication signal is to be transmitted. Thereby, synergistic benefits of both 
25 transmission space diversity and frequency diversity are provided. 

In these and other aspects, therefore, a transmitter diversity assembly, and an 
associated method of creating transmission space diversity, is provided for a 
communication station operable at least to transmit communication signals upon at 
least one communication channel. Antennas of a set of antennas are selectively 
30 coupled to the communication station to transduce the communication signals 

formed at the communication station. Switching circuitry is actuatable into selected 
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swhch positions for selectively coupling selected antennas of the set of antennas to 
the communication station to transduce the communication signals formed at the 
communication station. A selector is coupled to the switching circuitry. The 
selector determines transmission characteristics of the at least one communication 
channel and actuates the switching circuitry into the selected switch positions 

responsive to the transmission characteristics determined thereat. 

A more complete appreciation of the present invention and the scope thereof 

can be obtained from the accompanying drawings which are briefly summarized 

below, the following detailed description of the presently-preferred embodiments of 

the invention, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a functional block diagram of a portion of a cellular 
communication system which includes an embodiment of the present invention. 

Figure 2 illustrates a graphical representation which plots the fading pattern 
of an exemplary communication system which exhibits a high coherence bandwidth. 

Figure 3 illustrates a graphical representation, similar to that shown in Figure 
2, but of an exemplary communication system which exhibits a low coherence 
bandwidth. 

Figure 4 illustrates a functional block diagram of a communication station 
which includes a transmitter diversity assembly of an embodiment of the present 
invention. 

Figure 5 illustrates a communication station which embodies a transmitter 
diversity assembly of another embodiment of the present invention. 

Figure 6 illustrates a communication station which embodies yet another 
embodiment of the transmitter diversity assembly of the present invention. 

Figure 7 illustrates an exemplary communication scheme utilizing frequency 

hopping. 

Figure 8 illustrates a table which lists the antenna selections selected to 
transduce-communication signals upon the frequency channels of the communication 
scheme illustrated in Figure 7. 
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Figure 9 illustrates a communication station which embodies a transmitter 
diversity assembly of another embodiment of the present invention. 

Figure 10 illustrates a communication station which embodies a transmitter 
diversity assembly of another embodiment of the present invention. 

5 

DETAILED DESCRIPTION 

Referring first to Figure 1, a communication station 10, here a radio 
transceiver, is operable to transceive communication signals with a remote 
communication device (not shown). The communication station 10 includes a 
1 0 transmitter diversity assembly 1 2, formed of the elements positioned within the 

block shown in dash, of an embodiment of the present invention. The transmitter 
diversity assembly 12 is operable to create signal diversity of communication signals, 
hereinafter sometimes referred to as "downlink" signals, to overcome or otherwise 
mitigate the effects of multi-path fading of a communication signal during its 
1 S transmission to the remote communication device. 

In the illustrated embodiment, the transmitter diversity assembly 12 is 
operable to create both frequency diversity and transmission space diversity. As 
mentioned previously, frequency diversity is created by transmitting the 
communication signals upon carriers of different frequencies at different times, i .e., 
frequency hopping the communication signal. Transmission space diversity is 
created by transmitting the downlink signal, at different times, from different, 
spatially-separated antennas. 

The communication station 10 includes a signal source 14, here shown in 
block form. In an embodiment in which the communication station 10 forms a base 
station of a cellular, communication system, the signal source 14 is representative of 
communication signals transmitted to the base station by way of, for example, a 
public service telephone network (PSTN). The signal source 14 forms the 
communication signal which is applied by way of a plurality of lines 16 to a plurality 
of single-frequency transmitter elements 18. 

The transmitter elements 18 each modulate the communication signal applied 
thereto. Each of the transmitter elements 18 is tuned to a different frequency, i.e., 
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are statically tuned, such that modulated signals modulated by the various 
transmitter elements are modulated to be of different frequencies. The modulated 
signals generated by the transmitter elements are applied, by way of lines 22, to first 
sides of a radio frequency (RF) switch 24. Second sides of the RF switch 24 are 
coupled to antennas 26. The antenna elements 26 are spatially-separated from one 
another. While three antenna elements 26 are illustrated in the figure, a set of 
antenna elements 26 formed of another number of antenna elements can instead be 
utilized. 

The RF switch 24 permits connection of any of the lines 22 with any of the 
antenna elements 26, thereby to permit the communication signal modulated to be 
of any of the frequencies generated by any of the transmitter elements 1 8 together 
with any of the antenna elements 26. Connection of any of the transmitter elements 
with any of the antennas is freely selectable, Le., a free mapping is permitted. 
Selection of the switch position of the RF switch 24 is controlled by a controller 32 
which is connected to the RF switch 24 by way of lines 34. In one embodiment of 
the present invention, the switch positions of the RF switch 24 are switched through 
a selected sequence to connect successive ones of the transmitter elements 1 8 with 
successive ones of the antenna elements 26. The RF switch 24 may, for example, be 
formed of a switch matrix. 

In the embodiment illustrated in the figure, the controller 32 is further 
coupled to receiver circuitry 38 by way of lines 42. The receiver circuitry 38 
receives "uplink" signals transmitted to the communication station 10 from the 
remote communication devices. In a cellular communication system, the remote 
communication devices are formed of mobile subscriber units. Two receiver- 
diversity antennas 44 are illustrated in the figure to detect the uplink signals 
transmitted to the communication station. Indications of an uplink signal detected 
by an antenna 44 are provided to the controller 32 by way of the receiver circuitry 
38 and the lines 42. 

The controller 32, as shall be described in greater detail below, determines a 
coherence bandwidth of the communication channels formed between the 
communication station 10 and the remote communication devices. Responsive to 
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the coherence bandwidth and previously-used carriers paired together with selected 
antenna elements, the controller selects the switch position into which the RF switch 
24 should be actuated. Indications of previously-used carriers are stored in a 
memory element 46, coupled to the controller 32 by way of lines 48. In one 
5 embodiment, the carriers are selected according to a selected frequency hopping 

scheme. The antenna elements from which the communication signal is transmitted 
are selected for each carrier selected pursuant to the frequency hopping scheme. 
Selection of the antenna elements is made responsive to the coherence bandwidth 
and carrier and antenna element pairings made previously to transmit preceding 
1 0 portions of the communication signal. 

Because the RF switch 24 permits any of the transmitter elements 1 8 to be 
coupled to any of the spatially-separated antennas 26, connection of any of the 
transmitter elements 1 8 with any of the antennas 26 is freely selectable. Bursts of 
the downlink communication signal modulated by any of the transmitter elements 18 
can be transmitted from any of the antennas 26. The controller 32 is further used to 
select the carriers upon which to transmit the bursts of downlink signals. Such 
selections are responsive to the transmission characteristics of the channels formed 
between the communication station 10 and the remote communication devices, 
thereby to minimize the possibility that successive bursts of the downlink 
communication signal are transmitted upon carriers which exhibit high levels of 
multi-path fading. 

In one embodiment, the RF switch 24 permits a plurality of different 
transmitter elements 18 concurrently to be coupled to a plurality of different 
antennas 26. 

Figure 2 illustrates graphically the characteristics of a communication system 
in which a high coherence bandwidth is exhibited and in which a low coherence 
space is exhibited. The abscissa axis 56 indicates positional locations, and the 
ordinate axis 58 indicates frequency. Elongated elliptical forms 60 are representative 
of areas which exhibit high levels of multi-path fading. Point 62 is representative of 
the fading characteristic at a particular frequency and at a particular location. Point 
62 is positioned within an elliptical form 60. Therefore, communications between 
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the two communication stations at the frequency and location identified by the point 
62 exhibit significant levels of multi-path fading. 

If the communication signals transmitted between such communication 
stations are transmitted on a different carrier located lower in frequency, indicated 
by the arrow 64, significant multi-path fading would still degrade the quality of the 
communication transmission That is to say, by repositioning the point 62 in a 
direction indicated by the arrow 64, the communications will still exhibit high levels 
of fading, if the point is repositioned within the elliptical form. In the illustrated 
communication system which exhibits a high coherence bandwidth, significant levels 
of multi-path fading are exhibited over a large range of frequencies, resulting in the 
elongated ellipsis 60. Altering the position, as indicated by the arrow 66, however, 
removes the communications out of the area of high multi-path fading. In the 
illustrated communication system which exhibits a low coherence space, by 
repositioning the point 62 in a direction indicated by the arrow 66, the 
communication is repositioned beyond the elliptical form. 

Figure 3, conversely, graphically represents a communication system which 
exhibits a low coherence bandwidth and which exhibits a coherence space similar to 
that shown in Figure 2. The abscissa and ordinate axes 56 and 58 correspond to 
their correspondingly-numbered counterparts shown in Figure 2. Here, areas of 
high levels of multi-path fading are represented by elliptical forms 70. In contrast to 
the elliptical forms 60 pictured in Figure 2, the elliptical forms 70 are not elongated. 

Communications represented by point 62 are again transmitted in an area 
which exhibits high levels of multi-path fading. In contrast to the high coherence 
bandwidth represented in Figure 2, here alteration of the frequency channel in the 
direction indicated by the arrow 74 removes the communications out of the areas 
which exhibit high multi-path fading with a lesser amount of frequency change than 
that required in the communication system represented in Figure 2. Again, altering 
the position, as indicated by the arrow 76, also removes the communications out of 
the area of high multi-path fading. Transmission space diversity is created by 
moving the positional locations of the points 62 in the directions indicated by the 
arrows 66 and 76 shown in Figures 2 and 3, respectively. Analogously, frequency 



WO 97/49199 

PCT/SE97/01044 



-14- 



15 



25 



30 



diversity is created by moving the frequencies of the points 62, in the directions, 
indicated by the arrows 64 and 74 shown in Figures 2 and 3, respectively. 

In communication systems which exhibit a high coherence bandwidth, the 
creation of frequency diversity alone sometimes does not remove the 
5 communication out of an area which exhibits high levels of multi-path fading. In 
such instances, creation of both frequency and transmission space diversity is more 
likely to position the communications out of an area of high multi-path fading. In an 
embodiment of the present invention, therefore, the transmitter diversity assembly 
1 2 creates both frequency and transmission space diversity, thereby best to 
1 0 overcome the effects of multi-path fading. 

Figure 4 illustrates a communication station, again shown generally at 10, 
which includes a transmitter diversity assembly 12 of another embodiment of the 
present invention. The communication station 10 again, for example, forms a base 
station of a cellular communication system The transmitter diversity assembly 12 is 
again operable to create signal diversity of signals transmitted by the communication 
station. 

In this embodiment, signals generated by a signal source 1 4 are selectively 
coupled by way of lines 16 to selected ones of the transmitter elements 18. A 
baseband switch 84 is positioned between the signal source 14 and the transmitter 
elements 18 to selectively connect the transmitter elements with the signal source 
The transmitter elements 18 are again operable to modulate the communication 
signals applied thereto and to generate modulated signals on corresponding ones of 
the lines 22. The transmitter elements 18 are again operable to modulate the signals 
applied thereto at static frequencies. Because the baseband switch 84 selectively 
couples the communication signal generated by the signal source 14 only to selected 
ones of the transmitter elements 18, modulated signals are generated on only 
corresponding selected ones of the lines 22. The lines 22 are again coupled to first 
sides of an RF switch 24. The RF switch 24 may again form a switch matrix. 
Second sides of the RF switch 24 are coupled to antenna elements 26 of an antenna 
array wherein the antenna elements are spatially-separated from one another. 
Again, in one embodiment, a plurality of transmitter elements 18 can be 
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concurrentJy coupled to a plurality of different antennas 26. 

A controller 32 is again coupled to the RF switch 24 by way of lines 34. In 
this embodiment, the controller 32 is further coupled to the baseband switch 84 by 
way of lines 86. In this embodiment, the controller 32 is operable both to actuate 
the RF switch 24 into switch positions and also to actuate the baseband switch 84 
into selected switch positions. Selection of the switch position of the baseband 
switch 84 is determinative of the carrier upon which a downlink channel is formed 
to transmit the signal generated by the communication station 10, and the switch 
position of the RF switch 24 is determinative of the antenna element 26 from which 
the downlink signal is transmitted. 

Thereby, sequencing through switch positions of the baseband switch 84 
creates frequency diversity and sequencing through switch positions of the RF 
switch 24 creates transmission space diversity. 

In one embodiment, the switches 24 and 84 are actuated through selected 
sequences, such as repetitive sequences, to create both transmission space diversity 
and frequency diversity. In the illustrated embodiment, the selection of antenna 
elements upon which to transmit bursts of communication signals is made 
responsive, at least in part, to the coherence bandwidth of the communication 
channels extending between the communication station 10 and a remote 
communication device and antenna elements previously used to transmit preceding 
bursts upon particular carriers. 

Again, the communication station 10 includes receiver circuitry 38 which is 
coupled by way of lines 42 with the controller 32. A receiver antenna element 44 
detects uplink signals transmitted to the communication station 10. Indications of 
such received signals are provided to receiver circuitry 38 and, in turn, to the 
controller 32. The controller determines the coherence bandwidth, actuates the 
baseband switch 84 into a selected switch position responsive to a selected . 
frequency hopping scheme. Previous switch positions of the baseband switch 84 
stored in a memory element 46, coupled to the controller 32 by way of lines 48. 
The memory element 46 is further operable to store switch positions of the RF 
switch 24, and actuation of the switch 24 into selected switch positions is made, at 
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least in part, responsive to previous switch positions of the switch and the 
determined coherence bandwidth. 

Figure 5 illustrates a communication station, again shown generally at 10 
which includes the transmitter diversity assembly 12 of another embodiment of the 
present invention. The communication station 10, in one embodiment, again forms 
a base station of a cellular communication network operable to transceive 
communication signals with remotely-positioned mobile subscriber units. In other 
embodiments, the communication station 10 transceives communication signals with 
other remotely-positioned communication devices. The transmitter diversity 
assembly 12 is again operable to create signal diversity of downlink signals 
transmitted by the communication station. 

Again, communication signals generated by a signal source 14 are applied to 
a transmitter element, here transmitter element 88. The transmitter element 88 is a 
tunable transmitter capable of modulating the communication signal at a desired 
frequency for transmission upon a particular carrier. Instead of a plurality of 
different transmitter elements 18, each operable to modulate a communication signal 
at a static frequency, the tunable transmitter element is tuned to the desired 
frequency of the carrier upon which the downlink signal generated by the 
communication station 1 0 is to be transmitted. The tunable transmitter element 88 
generates a modulated signal on line 22 which is coupled to a first side of an RF 
switch 24. Second sides of the RF switch 24 are coupled to antenna elements 26 of 
an antenna array. The antenna elements 26 are spatially-separated from one 
another. 

A controller 32 is again coupled to the RF switch 24 by way of lines 34 to 
actuate the RF switch 24 into selected switch positions. The controller 32 is further 
coupled to the tunable transmitter 88 by way of lines 92 to control the modulating 
frequency at which the tunable transmitter 88 modulates the communication signals 
applied thereto on line 16. As the controller 32 controls both the switch position of 
the RF switch 24 and the frequency at which the communication signal is 
modulated, both transmission space diversity and frequency diversity is created for 
downlink signals transmitted by the communication station 1 0. 
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In one embodiment, the controller actuates the RF switch 24 through a 
selected sequence of switch positions and tunes the tunable transmitter 88 through a 
selected sequence of modulating frequencies. In the illustrated embodiment, again, 
the communication station 1 0 further includes receiver circuitry, coupled to the 
controller 32 by way of lines 42. The uplink signals are transmitted by a remote 
communication device to the communication station. Indications of uplink signals 
detected by a receiver antenna 44 coupled to the receiver circuitry 38 are provided 
to the controller 32 by way of lines 42. The controller, responsive to such 
indications, determines the coherence bandwidth. Responsive thereto and also 
responsive to previous switch positions of the switch 24 and previous carrier 
frequencies to which the tunable transmitter 88 is tuned, the controller 32 selects 
switch positions into which the RF switch 24 is to be actuated and modulating 
frequencies at which the communication signal is to be modulated. Again a 
memory device 46 is utilized to store data related to previous switch positions of the 
switch 24 and modulating frequencies of the tunable transmitter 88, respectively. 

Figure 6 illustrates another communication station, again shown generally at 
10, which includes a transmitter diversity assembly 12 of another embodiment of the 
present invention. In one embodiment, the communication station again forms a 
base station of a cellular communication system operable to transmit downlink 
signals to remotely-positioned, mobile subscriber units (not shown). In other 
embodiments, downlink signals are transmitted to other remotely positioned 
communication devices. 

The transmitter diversity assembly 12 is again operable to create signal 
diversity of downlink signals transmitted by the communication station to overcome 
the effects of multi-path fading. Communication signals generated by a signal 
source 14 are applied to a first side of a baseband switch 84. The baseband switch 
84 is operable, when positioned in selected switch positions to couple the 
communication signal generated at the signal source 14 to selected ones of the lines 
16. Line 16 extends to respective ones of tunable transmitter elements 94. Each of 
the tunable transmitter elements 94 is tunable to modulate a communication signal, 
when applied thereto, at a desired modulating frequency corresponding to the 
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carrier upon which the communication signal is desired to be transmitted. The 
communication signal, once modulated by a selected tunable transmitter 94, is 
generated on a corresponding line 22 extending to a particular antenna element 26 
of an array of antenna elements. The antenna elements 26 are spatially-separated 
5 from one another. 

A controller 32 is coupled to the baseband switch 84 by way of lines 86 and 
to each of the tunable transmitter elements 94 by way of lines 96. The controller 
selects the switch position into which the baseband switch is to be actuated, and 
effectuates actuation of the baseband switch into the selected switch position. 
10 Because each tunable transmitter element 94 is coupled to a particular one of the 
antenna elements 26, selection of the switch position of the baseband switch is 
determinative of the antenna element 26 from which the communication signal 
transmitted by the communication station 10 is transmitted. 

The controller 32 further selects the modulating frequency at which the 
1 5 tunable transmitter elements coupled to receive the communication signal modulates 

the communication signal to be transmitted upon a selected carrier. Thereby, by 
appropriate selection of the switch position into which the baseband switch 84 is 
actuated and the modulating frequency at which an appropriate tunable transmitter 
element 94 modulates the communication signal, the carrier upon which the 
20 communication signal is transmitted and the antenna element 26 from which the 
communication signal is transmitted is appropriately selected. Transmission space 
diversity is created by actuating the baseband switch into successive switch 
positions, and frequency diversity is created by altering the modulating frequency at 
which the communication signal applied to appropriate ones of the tunable 
25 transmitters 94 are modulated. 

Again, in one embodiment, the baseband switch is actuated through a 
selected pattern of switch positions and the tunable transmitter elements 94 are 
tuned to modulate the communication signal upon a selected sequence of carriers. 
In the illustrated embodiment, again, receiver circuitry is coupled to the controller 
30 32 by way of lines 42 to receive indications of the uplink signals transmitted to the 
communication station by a remote communication device and detected by a 
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receiver antenna 44. The controller determines the coherence bandwidth and 
selected ones of the tunable transmitter elements are caused to be tuned to the 
- frequencies of selected carriers according to a frequency hopping scheme. The 
coherence bandwidth together with previous pairings of switch positions of the 
baseband switch and previous carriers upon which the communication signal has 
been transmitted are together determinative of selection of the switch position of the 
baseband switch 84 and also, therefore, the carrier frequency channel upon which 
the communication signal is transmitted. The memory device 46 coupled to the 
controller by way of lines 48 stores information related to such previous switch 
positions and previously-used carriers. 

Figures 7 and 8 illustrate exemplary operation of the transmitter diversity 
assembly 12 of an embodiment of the present invention in which the assembly 12 is 
operable to create both transmission space diversity and frequency diversity 
Creation of such signal diversity improves communication quality of communication 
in a communication system susceptible to multi-path fading. 

The exemplary illustration of operation of the transmitter diversity assembly 
is that of a GSM, cellular communication system in which bursts of communication 
signals, here downlink signals, can be transmitted in bursts during selected time slots 
defined upon selected ones of a plurality of carriers. The carriers are of differing 
frequencies through a range of frequencies represented by the arrow 102. While a 
plurality of carriers are defined in the communication system, in the exemplary 
illustration, four carriers, here carriers of frequencies 1, 3, 4, and 7 are available for 
the transmission of downlink signals thereupon. In the illustration, also, three 
antennas 26 are available to be used to transduce the communication signals 
therefrom. And, the coherence bandwidth determined during operation of the 
diversity transmitter assembly is of a bandwidth of 3B wherein B is of a bandwidth 
corresponding to the bandwidth of one carrier. With a coherence bandwidth of 3B, 
any three adjacently-positioned, in frequency, carriers exhibit similar multi-path 
fading characteristics. 

Through operation of an embodiment of the present invention, a selected 
frequency hopping scheme is used to select the carrier upon which a burst is 
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transmitted. The antenna element selected to receive, and transduce, the burst is 
selected responsive to previous selections of antenna elements used previously to 
transmit bursts on carriers within the coherence bandwidth about the selected 
carrier. 

5 Figure 8 illustrates the pairing together of antennas, here antennas 1 , 2, and 

3 together with the available carriers, namely, carriers 1, 3, 4, and 7, shown in 
Figure 7. That is to say, a communication signal burst is selected to be transmitted 
at a particular frequency and from a particular antenna. When "paired together" a 
burst of a communication signal is modulated to be of a frequency to permit its 
1 0 transmission on a selected carrier and the modulated signal is applied to its 
correspondingly paired antenna. 

As the exemplary illustration of operation shown in Figure 8 indicates, 
during a first time period, such as a first time slot of a first frame of a TDM A signal, 
such as that defined in the aforementioned GSM cellular communication scheme, a 
burst of the communication signal is modulated for transmission upon frequency 
channel 1 from antenna 1 . 

Selection of subsequent frequency channels and subsequent antennas to be 
used during succeeding time periods to transmit bursts of the communication signal 
are selected by: 1) observing which antennas have been used previously to transmit 
20 bursts on carriers within the coherence bandwidth about the selected carrier, and 2) 
selecting the antenna element for which the time since its latest use is the longest. If 
the utilization of a particular antenna is not mandated, the antennas are cyclically 
changed to create transmission space diversity. 

Therefore, continuing with the exemplary operation illustrated in Figure 8, 
during the second time period, time period 2, as no antennas have been previously 
used to transmit bursts of the communication signal within the coherence bandwidth 
around carrier 4, antenna 2 is selected to transmit the bursts during time period 2. 
During the third time period, time period 3, antenna 2 had previously been used to 
transmit a burst on carrier 4, within the 3B coherence bandwidth about carrier 3. 
30 Antenna 3 is selected to transmit the burst. 

During the fourth time period, time period 4, the burst is to be transmitted 
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upon carrier 1. As a burst was transmitted previously on antenna during time slo, 
1, antenna 2 is selected. Selection of antennas and frequency channels used to 
transm* successive bursts of the communication signal are analogously selected 
F.gure 9 illustrates a communication station, again shown generally at 10 
wh,ch .ndudes the transmitter diversity assembly 12 of another embodiment of the 
present invention. The communication station 10, in one embodiment, again forms 
a base stat,on of a cellular communication network operable to transceive 
communication signals with remotely-positioned mobile subscriber units In other 
embodonents, the communication station 10 transceives communication signals with 
other remotely-positioned communication stations. The transmitter diversity 
assembly 12 is again operable to create signal diversity of downlink signals 
transmitted by the communication station. 

Again, communication signals generated by an information signal source 14 
are apphed to a transmitter element, here transmitter element 102. The transmitter 
element 102 is a tunable transmitter capable of modulating the communication signal 
at a des,red frequency for transmission upon a particular carrier. The tunable 
transmitter element 102 generates a modulated signal on line 22 which is coupled to 
a polanzation selector 104. And, the polarization selector 104 is coupled to a dual- 
polarized antenna device 106. 

While the exemplary embodiment shown in Figure 9 illustrates a tunable 
transmitter element 102, in other embodiments, a plurality of transmitter elements 
such as the transmitter elements shown in Figure 1 are instead utilized. 

The dual-polarized antenna device 106 is capable of generating, at least 
alternately, two separate polarizations, v/,, a first polarization and a second 
polarization. The dual-polarized antenna device may be formed, e.g., of two dipole 
antennas or a micro-strip antenna capable of producing two polarizations 

A controller 32 is coupled to the polarization selector 104 by way of lines 
108 to effectuate selection at the polarization selector 104 of a polarization to be 
existed by the antenna device 106. The controller 32 is further coupled by way of 
hnes 92 to control the modulating frequency at which the tunable transmitter 1 02 
modulates the communication signals applied thereto on line 16. As the controller 
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32 controls both the polarization selected by the selector 104 and the frequency at 
which the communication signal is modulated, both polarization diversity and 
frequency diversity are created for downlink signals transmitted by the 
communication station 10. 

In one embodiment, the controller 32 effectuates selection of the polarization 
through alternating, or successive, ones of the polarizations and tunes the tunable 
transmitter 102 through a selected sequence of modulating frequencies. Thereby, a 
selected sequence of frequency and polarization pattern combinations can be 
formed. 

In the illustrated embodiment, again, the communication station 10 further 
includes receiver circuitry 38, coupled to the controller 32 by way of lines 42. The 
receiver circuitry 38 is operable to receive uplink signals, at the antennas 44, 
transmitted by a remote communication device to the communication station. 
Additional operation of the controller 32, in one embodiment, is similar to that 
disclosed with respect to embodiments shown in the preceding figures. That is to 
say, the controller 32 detects characteristics of the signals received by the receiver 
circuitry 38 . In one embodiment, characteristics of the uplink channel are 
determined responsive to the characteristics of the received signals. And, the 
channel conditions of the uplink and downlink channels are assumed to be similar 
with one another. In another embodiment, the received signals include indications 
of characteristics of the downlink signals, previously transmitted, thereby to permit 
the controller 32 to determine the characteristics of the downlink channel. 
Responsive to such determinations, selection of the polarization is made. 

Figure 10 illustrates a communication station, again shown generally at 10, 
which includes the transmitter diversity assembly 12 of another embodiment of the 
present invention. Portions of the communication station 10 are similar in 
construction to corresponding structure shown in Figure 9. Operation of such 
structure shall not again be described. 

The transmitter diversity assembly 12 shown in Figure 10 differs with that 
shown in Figure 9 in that, instead of the polarization selector 104, the assembly 12 
includes a polarization selector and RF switch 124. And, the selector and switch 
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124 is selectively coupled to a plurality of dual-polarized antennas 106. In the 
illustrated embodiment, two spatially-separated, dual-polarized antennas 106 are 
coupled to the selector and switch 124. Four independent fading patters are 
selectively formed as each antenna exhibits, alternately, two polarizations: A single 
one of the antenna devices 106, or both of the antenna devices 106, are coupled to 
receive the modulated signal generated by the tunable transmitter on the lines 22. 

The antenna devices 1 06 may again be formed, e.g., of two dipole antennas 
or a micro-strip antenna capable of forming two polarizations. 

Frequency diversity is again created by frequency hopping permitted through 
appropriate operation of the tunable transmitter 102. And, polarization diversity is 
created through alteration of the polarizations formed by the antenna devices 106. 
Transmission space diversity is additionally created through appropriate switching 
of the selector and switch 124 to cause the different antenna devices 106 to exhibit 
the various possible polarizations. Thereby, the embodiment illustrated in Figure 10 
provides all three types of signal diversity, selectable as desired. 

With reference again to the communication station 10 shown in any of the 
Figures 1 and 4-6, in another embodiment, the controller 32 of the transmission 
diversity assembly 12 is operable at least either to alter the frequency channel upon 
which a downlink signal is transmitted to a remote station or the antenna from 
which the downlink signal is transmitted. In one such embodiment, the controller 
effectuates the alterations in an adaptive manner responsive to indications of channel 
characteristics applied as inputs to the controller. Such indications can be formed, 
e.g., characteristics of an uplink signal transmitted to the receiver 38 by a remote 
communication device or the remote communication device can provide 
information, as part of the uplink signal, of the characteristics of the communication 
signal transmitted directly on the downlink channels. In another embodiment, the 
controller causes such selection to be made in a prearranged manner. 

Because the transmitter diversity assembly, and its associated method, 
creates signal diversity, use of the various embodiments of the present invention 
facilitate the communication of communication signals in a multi-path environment. 
Signal degradation which might otherwise occur as a result of multi-path fading is 
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reduced, thereby to improve the quality of communications. 

The previous descriptions are of preferred examples for implementing the 
invention, and the scope of the invention should not necessarily be limited by this 
description. The scope of the present invention is defined by the following claims. 
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WHAT IS CLAIMED IS: 

1. A transmitter diversity assembly for a communication station 
operable to generate a communication signal of at least one selected carrier 
frequency to be transmitted upon at least one communication channel, said 
transmitter diversity assembly comprising: 

a set of spaced-apart antennas, each antenna of said set of antennas 
selectively connectable to receive the communication signal generated at the 
communication station and to transduce the communication signal when applied 
thereto; 

switching circuitry actuatable into selected switch positions for 
selectively connecting selected antennas of said set of antennas to receive the 
communication signal generated by the communication station; and 

a selector coupled to said switching circuitry, said selector for 
selecting the switch positions into which said switching circuitry is actuated, the 
switch positions selected by the selector selected to connect a sequence of different 
ones of the selected antennas to receive the communication signal, the 
communication signal generated of any of the at least one selected carrier frequency 
connectable to any antenna of said set of spaced-apart antennas, thereby to 
transduce the communication signal at the different ones of the selected antennas. 

2. The transmitter diversity assembly of claim 1 wherein the selected 
switch positions into which said selector actuates said switching circuitry are 
selected responsive to previous switch positions into which the switching circuitry 
previously had been actuated. 



3 The transmitter diversity assembly of claim 1 wherein the 
communication station comprises a communication signal generator and a set of 
transmitting elements, wherein each antenna of said set of antennas is connected to a 
transmitting element of the set of transmitting elements, and wherein said switching 
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circuitry comprises a baseband switch coupled between the communication signal 
generator and the transmitting elements. 

4. The transmitter diversity assembly of claim 3 wherein the at least one 
communication channel upon which the communication signal is to be transmitted 
comprises a plurality of communication channels, wherein the transmitting elements 
of the set of transmitting elements each modulate the communication signal at 
different carrier frequencies corresponding to different communication channels of 
the set of communication channels, and wherein selection by said selector of the 
switch positions into which said switching circuitry is actuated is determinative of 
both the antenna at which the communication signal is transduced and the 
communication channel upon which the communication signal is transmitted. 

5. The transmitter diversity assembly of claim 1 wherein the 
communication station comprises a communication signal generator and a set of 
transmitting elements, each transmitting element of the set of transmitting elements 
coupled to the communication signal generator, and wherein said switching circuitry 
comprises a radio frequency switch coupled between each transmitting element of 
the set of transmitting elements and said set of antennas. 



6. The transmitter diversity assembly of claim 5 wherein the at least one 
communication channel upon which the communication signal is to be transmitted 
comprises a plurality of communication channels, wherein the set of transmitting 
elements comprises a single transmitting element, the single transmitting element for 
modulating the communication signal at a carrier frequency corresponding to any 
selected communication channel of the plurality of communication channels and 
wherein the antenna of said set of antennas coupled by said switching circuitry to 
receive the communication signal transduces the communication signal to be 
transmitted upon the communication channel corresponding to the carrier frequency 
at which the single transmitting element modulates the communication signal. 



>JSDOCID: <WO 9749199A2 I > 



WO 97/49199 



PCT/SE97/01044 



-27- 



7. A transmitter diversity assembly for a communication station 
operable at least to transmit communication signals upon at least one 
communication channel, said transmitter diversity assembly comprising: 

a set of antennas, each antenna of said set selectively coupled to the 
communication station to transduce the communication signals formed at the 
communication station; 

switching circuitry actuatable into selected switch positions for 
selectively coupling selected antennas of said set of antennas to the communication 

station; and 

a selector coupled to said switching circuitry, said selector for 
actuating the switching circuitry into the selected switch positions, the selected 
sw,tch positions into which the switching circuitry is actuated responsive to 
indications of at least one transmission characteristic of the at least one 
communication channel. 

8. The transmitter diversity assembly of claim 7 wherein the 
communication station comprises at least one transmitter for generating the 
communication signals and wherein said switching circuitry is coupled between the 
antennas of said set of antennas and the transmitter. 

9. The transmitter diversity assembly of claim 8 wherein the transmitter 
of the communication station transmits the communication signals pursuant to a 
frequency hopping scheme on a plurality of frequency channels and wherein the 
transmission characteristic of the at least one communication channel comprises an 
indication of a fading characteristic. 

10. The transmitter diversity assembly of claim 9 wherein said selector 
further comprises a memory device for storing selections by said selector of the 
selected switch positions into which said switching circuitry is actuated and the 
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frequency channel of the plurality of frequency channels upon which the 
communication signal is transmitted when said switching circuitry is actuated into 
the selected switch positions. 

11. The transmitter diversity assembly of claim 1 0 wherein the selected 
switch positions into which said selector actuates said switching circuitry are 
selected responsive to: the fading characteristic, the frequency channel of the 
plurality of frequency channels upon which the communication signals are to be 
transmitted, and stored selections, stored at the memory device, of the selected 
switch positions and the frequency channels associated therewith which are within a 
coherence bandwidth of the frequency channel upon which the communication 
signals are to be transmitted. 

1 2. The transmitter diversity assembly of claim 1 1 wherein each selected 
switch position of the selected switch positions is selected to couple an antenna of 
said set of antennas which the stored selections stored by said memory device 
indicates to have least recently been coupled to the transmitter when transmitting 
the communication signal upon a frequency channel within the frequency bandwidth 
about the frequency channel upon which the communication signal is to be 
transmitted. 



13. The transmitter diversity assembly of claim 8 wherein the at least one 
transmitter of the communication station comprises a plurality of transmitting 
elements and the at least one communication channel comprises a plurality of 
communication channels, each transmitting element associated with a different 
communication channel, and wherein said switching circuitry comprises a radio 
frequency switching matrix actuatable into a switch position to couple any antenna 
of said set of antennas with any transmitting element of said set of transmitting 
elements. 
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14. The transmitter diversity assembly of claim 13 wherein the 
communication station includes a baseband signal generator for generating baseband 
signals, the baseband signals mixed with up mixing signals applied to the 
transmitting elements of the transmitter and wherein said switching circuitry 
comprises a baseband switch for coupling the baseband signal generator to a 
selected transmitting element, thereby to apply the baseband signals to the selected 
transmitting element, and thereby to form communication signals for transmission 
upon selected ones of the communication-channels. 



15. The transmitter diversity assembly of claim 8 wherein the at least 
communication channel comprises a plurality of communication channels, wherein 
said transmitter is tunable to generate communication signals upon any 
communication channel of said plurality of communication channels, and wherein 
said switching circuitry is actuatable into a selected position of the selected switch 
positions to couple any antenna of said set of antennas with the transmitter. 

1 6. The transmitter diversity assembly of claim 7 wherein which said 
selector actuates said switching circuitry sequentially into a plurality of switch 
positions, the switch positions into which said switching circuitry is actuated being 
dependent upon the transmission characteristics of the at least one communication 
channel and previous switch positions into which said switching circuitry has been 
actuated. 



one 



1 7. The transmitter diversity assembly of claim 7 wherein the 
communication station further comprises a receiver for receiving communication 
signals transmitted thereto upon at least one uplink communication channel and 
wherein the transmission characteristics of the at least one communication channel 
comprise path gain levels of the communication signals transmitted upon the at least 
one uplink channel to each antenna of said set of antennas. 
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1 8. The transmitter diversity assembly of claim 1 7 wherein said selector 
actuates said switching circuitry sequentially into a plurality of switch positions, the 
switch positions into which said switching circuitry is actuated being dependent 
upon the path gain levels and previous switch positions into which said switching 
circuitry has been actuated. 

1 9. The transmitter diversity assembly of claim 1 7 wherein said selector 
is further operable responsive to variances of the path gain levels of the 
communication signals transmitted to each antenna of said set of antennas and 
wherein the switch positions into which said switching circuitry is actuated is further 
dependent upon the variances of the path gain levels. 

20 The transmitter diversity assembly of claim 8 wherein the 
transmission characteristics of the at least one communication channel comprises a 
coherence space formed of a transmission space exhibiting similar transmission 
characteristics. ■ . 

21 The transmitter diversity assembly of claim 7 wherein said set of 
antennas includes at least one dual-polarized antenna for transducing the 
communication signals when applied thereto according to a selected polarization 
and wherein said selector further selects the polarization of at least one dual- 
polarized antenna. 

22. A transmitter diversity assembly for a communication station having 
a transmitter operable at least to transmit communication signals upon at least one 
downlink communication channel, said transmitter diversity assembly comprising: 

a set of antennas, each antenna of said set selectively coupled to the 
transmitter to transduce the communication signals generated by the transmitter; 

switching circuitry coupled between the antennas of said set of 
antennas and the transmitter, said switching circuitry actuatable into selected switch 
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positions for coupling selected antennas of said set of antennas to the transmitter; 
and 

a selector coupled to said switching circuitry, said selector for 
actuating the switching circuitry into the selected switch positions, the selected 
switch positions into which the switching circuitry is actuated responsive to 
indications of transmission characteristics of the at least one downlink 
communication channel. 

23. A method for transmitting communication signals generated at a 
communication station upon at least one communication channel to a remote 
station, said method comprising the steps of: 

providing the communication station with indications of a 
transmission characteristic of the at least one communication channel ; and 

selectively coupling antennas of a set of antennas to the 
communication station to transduce the communication signals formed at the 
communication station responsive to the transmission characteristic provided during 

said step of providing. 



ic 



24. The method of claim 22 wherein the transmission characterist 
provided during said step of providing comprises an indication of a fading 
characteristic of the communication channel. 



25. The method of claim 22 wherein the transmission characteristic 
provided during said step of providing comprises indications of a coherence 
bandwidth formed of frequency bandwidth exhibiting similar transmission 

characteristics. 

26. The method of claim 22 wherein the transmission characteristic 
provided during said step of providing comprises indications of a coherence space 
formed of a transmission distance range including a transmission distance extending 
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between at least one antenna of the set of antennas and the remote station. 

27. A transmitter diversity assembly for a communication station 
operable at least to generate a communication signal to be transmitted in bursts 
upon selected communication channels of a set of communication channels, said 
transmitter diversity assembly comprising: 

transmitter circuitry selectively coupled to receive the 
communication signal, said transmitter circuitry for modulating the communication 
signal at selected modulation frequencies to be transmittable upon the selected 
communication channels; 

at least one antenna coupled to said transmitter circuitry to receive 
the communication signal modulated at the selected modulation frequencies thereat, 
said at least one antenna for transducing the communication signal modulated by 
said transmitter circuitry to transmit the communication signal upon the selected 
communication channels; and 

a selector operable, at least in part, responsive to indications of a 
coherence bandwidth formed of a frequency bandwidth including at least one 
communication channel of the set of communication channels, said selector for 
selecting the selected modulation frequencies of the communication signal to be 
received by said at least one antenna responsive to the coherence bandwidth. 

28. A transmitter diversity assembly for a communication station 
operable at least to generate a communication signal to be transmitted in bursts 
upon a selected communication channel to a remote station, said transmitter 
diversity assembly comprising: 

transmitter circuitry selectively coupled to receive the 
communication signal, said transmitter circuitry for modulating the communication 
signal to be transmittable upon the selected communication channel; 

a set of antennas coupled to said transmitter circuitry, antennas of 
said set selectively coupled to receive the communication signal, said antennas for 
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transducing the communication signal modulated by said transmitter circuitry; and 

a selector operable, at least in part, responsive to indications of a 
coherence space formed of a transmission distance range including a transmission 
d,stance extending between at least one antenna of said set and the remote station. 

29. A frequency hopping method for transmitting a communication signal 
generated at a communication station upon selected communication channels of a 
set of communication channels, said method comprising the steps of: 

detecting indications of a coherence bandwidth formed of a 
frequency bandwidth including at least one communication channel of the set of 
communication channels; 

modulating the communication signal sequentially at selected 
modulation frequencies, the selected modulation frequencies selected response to 
the coherence bandwidth detected during said step of detecting; and 

transducing the communication signal modulated during said step of 
modulating upon the selected communication channels. 

30. A transmitter diversity assembly for a communication station having 
a transmitter operable to generate a communication signal of at least pne selected 
earner frequency to be transmitted upon at least one communication channel, said 
transmitter diversity assembly comprising: 

at least one dual-polarized antenna selectively connectable to receive 
the communication signal generated at the communication station, said at least one 
dual-polarized antenna for transducing the communication signal when applied 
thereto according to a selected polarization; and 

a polarization selector coupled to the communication station, said 
polanzation selector for selecting the polarization of said at least one dual-polarized 
antenna, the polarizations selected by said polarization selector selected to form a 
sequence of at least an alternating polarization. 
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3 1 The transmitter diversity assembly of claim 30 wherein said at least 
one dual-polarized antenna comprises a first dipole antenna and a second dipole 
antenna, the first dipole antenna for forming a first polarization and the second 
dipole antenna for forming a second polarization. 

32. The transmitter diversity antenna assembly of claim 30 wherein said 
at least one dual-polarized antenna comprises a micro-strip antenna capable of 
forming a first polarization and a second polarization. 

33. The transmitter diversity antenna of claim 30 wherein said at least 
one dual-polarized antenna comprises a single, dual-polarized antenna capable of 
forming at least alternately a first polarization and a second polarization. 

34. The transmitter diversity antenna of claim 30 wherein said at least 
one dual-polarized antenna comprises a first dual-polarized antenna and a second 
dual-polarized antenna, said first and second dual-polarized antennas, respectively, 
together capable of forming a first polarization, a second polarization, a third 
polarization, and a fourth polarization 

35. The transmitter diversity assembly of claim 30 wherein said 
polarization selector further comprises a switch, said switch for at least alternately 
coupling said first dual-polarized antenna and said second dual-polarized antenna to 
receive the communication signal. 

36. The transmitter diversity assembly of claim 30 wherein the at least 
one communication channel upon which the communication signal is to be 
transmitted comprises a plurality of communication channels, wherein the 
transmitter generates a communication signal at a carrier frequency corresponding 
to a selected communication channel of the plurality of communication channels and 
wherein said at least one dual-polarized antenna transduces the communication 
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signal to be transmitted upon the communication channel corresponding to the 
carrier frequency at which the transmitter generates the communication signal. 

37. The transmitter diversity assembly of claim 30 wherein the selected 
polarizations selected by said polarization selector are selected responsive to a 
fading characteristic exhibited upon the at least one communication channel. 

38. A method for transmitting communication signals of at least one 
carrier frequency generated by a transmitter of a communication station upon at 
least one communication channel to a remote station, said method comprising the 
steps of: 

providing the communication station with indications of a 
transmission characteristic of the at least one communication channel; 

selectively connecting at least one dual-polarized antenna to receive 
the at least one communication signal; 

selecting a polarization to be exhibited by the at least one dual- 
polarized antenna, the polarization selected at least responsive to the indications of 
the transmission characteristic provided during said step of providing; and 

transducing the at least one communication signal at the at least one 
dual-polarized antenna connected during said step of selectively connecting, thereby 
to transmit the at least one communication signal to the remote station. 

39. The method of claim 38 wherein the at least one communication 
channel of which the indications of the transmission characteristic are provided 
during said step of providing comprises a downlink channel upon which 

communication signals are transmitted by the communication station to the remote 

station. 



40. The method of claim 38 wherein the at least one dual-polarized 
antenna selectively connected during said step of selectively connecting comprises a 
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first dipole antenna and a second dipole antenna. 

41 The method of claim 38 wherein the at least one dual-polarized 
antenna selectively connected during said step of selectively connecting comprises a 
transmission line capable of exhibiting a first polarization and a second polarization. 

42. The method of claim 38 wherein the polarization selected during said 
step of selecting is alternately a first polarization and a second polarization. 

43. The method of claim 38 wherein the at least one dual-polarized 
antenna selectively coupled during said step of selectively coupling comprises a first 
dual-polarized antenna and a second dual-polarized antenna spaced-apart therefrom, 
and wherein the polarization selected during said step of selecting is selectively a 
first polarization, a second polarization, a third polarization, and a fourth 
polarization. 



<ISDOCID: <WO 9749199A2 I > 



WO 97/49199 



PCT/SE97/01044 



1/4 




18 

A 



TRANSMITTER 



TRANSMITTER 
"7 



10 



14 



18 



o 
o 
o 



TRANSMITTER 



18 



FIG. 1 



12 




18- 



INFO 




BASE- 


SIGNAL 


— K»> 


BAND 


SOURCE 




SWITCH 



TRANSMITTER 
FREQUENCY 1 



18 



TRANSMITTER 
FREQUENCY n 



CONTROLLER 
(DETERMINES COHERENCE BW) 



E 



48 



TV 



MEMORY- 



46 



I 



42 



J 



38- 



it 



RX 

CIRCUITRY 



44 



44 



O 
O 



22 



84 



24- 



7 

86 



32 

A. 



22 



FIG. 4 



RF 
SWITCH 



CONTROLLER 
1^-4 8 



26 



e 
o 



_J^-26 



34 



MEMORY 



V 
42 



46 



12 



44 



RX 



38 



Y^-44 



WO 97/49199 



PCT/SE97/01044 



[MHz] P _^ 



801- 



58- 



800 



60 

X 



66 2 / 4 
62- 



60 

X 66 



: 1 



M^-64 



■60 



•60 



FIG. 2 



o 



7 

56 

HIGH COHERENCE BW 



56 



1 



[METERS] 



801 

58^ 
800 



[MHz] P 

f 



62 76 
K74 



FIG. 3 



0 



— 7 

56 

LOW COHERENCE BW 



56 



1 



[METERS] 



14 

INFO 
SIGNAL 
SOURCE 



16 



32- 



46 



88 

s 

TUNEABLE 
TRANMITTER 



CONTROLLER 



MEMORY DEVICE 



22 



24 

RF 
SWITCH 



26 



_T-26 



•34 



42 



12 



10 

FIG. 



44 



RX 

"V 

38 



97491 99A2 I > 



WO 97/49199 



PCT/SE97/01044 



3/4 



10 



14 



94 



■16 



TUNEABLE 
TRANSMITTER 
"A 



22 



16 



o 

o 
o 



^-16 
96^ 



INFO 




BASE- 


SIGNAL 




BAND 


SOURCE 




SWITCH 



84 



I 



86 



TUNEABLE 
TRANSMITTER 



22 



94 



96 



o 
o 
o 



TUNEABLE 
TRANSMITTER 



12 



96 



CONTROLLER 



32 
/ 42 



46 



48 



MEMORY 



22 



94 



26 
26 



o 
o 
o 



26 



FIG. 6 



44 



"V 

38 



FIG. 7 

NUMBER OF ANTENNAS A = 3 
COHERENCE BW = 3B 
NUMBER OF FEQUENCIES F = 4 



f 

A 



u 

B 
t 



10 



AVAILABLE 
FREQUENCIES 



LU 



TIME INDEX n: 


t 


2 


3 


4 


5 


6 


7 


8 


9 


10 ©oo 


FH PATTERN F n : 


1 


4 


3 


1 


7 


3 


1 


4 


3 


7 o o o 


AH PATTERN A n : 


1 


2 


3 


2 


3 


1 


3 


2 


3 


1 o o © 



FIG. 8 



WO 97/49199 



PCT/SE97/01044 



4/4 



FIG. 9 



14 

s 




102 

s 


1 — 


104 


INFO 
SIGNAL 
SOURCE 


16 


TUNEABLE 


22 I 

S i» 


POLARIZATION 




TRANMITTER 




SELECTOR 


r- 




i 


!/-92 




l 


i 

— 108 



32 



106 



CONTROLLER 



42 



12 



10 



RX 



y- 44 
T-44 



38 



32- 



92 



CONTROLLER 



FIG. 1 0 



14 
S 




102 
S 




INFO 
SIGNAL 
SOURCE 


16 


TUNEABLE 


22 1 




TRANMITTER 








1 1 





124 



POLARIZATION 
SELECTOR 



j^-106 



108 



42 



12 



10 



44 



RX 



T--44 



V 
38 



ISDOCID: <WO 9749199A2 I > 



WO 97/49199 



1/4 



14 

A 



SIGNAL 
SOURCE 



16 

A 



16 



IB 



TRAKSMIffER | - 



rRANSIWTTER \ 



10 



D 

•O 



T 7 
id 



T 

t6 



TRANSMITTER 
? 



FIG. 



16 



18- 



I 



TRANSMITTER 
FREQUENCY 1 



18 



TRANSMITTER 
FREQUENCY n 



22 

A. 



22 

A 



24 



22 



RF 
SWITCH 



34 



I 



P 



2$ 



32 



CONTROLLER 
(DETERMINES COHERENCE BW) 



48 



7S 



MEMORV 



•46 



I 



42 



J 



38- 



44 



fix 

CJRCUITRY 



_TM4 



INFO 


1 


BASE-; 


SIGNAL 


— 


BAND 


SOURCE 




SWITCH 



•84 



32 
A 



7 

86 



\ CONTROLLER 
^ 48 




FIG. 4 



26 



MEMORY 



42 



46 



J2 



44 



RX 



38 



?^44 



97491 99A2TI > 



WO 97/41U99 



f iP 66 



801- 
58- 



60 



800 



B2 



2/4 

60 

X 66 
-64 

n 



X 



•60 



n 



-60 



Pi 



7 

56 

HJGH COHERENCE BW 



800 



62 76 
N74 



0 



7 

56 

LOW COHERENCE Bff 



FIG. 2 



56 

[METERS} 



FIG. 3 



56 

[METERS J 



f4 



88 



iMFO 
SIGNAL 
SOURCE 


16 


TUNEABLE 


22 j 
S j.i 


r * — — 

RF 




TRANMTIER 

1 1 




SWITCH 

J , 



32 



CONTROLLER 
-48 



46- 



UFW0RY DEVICE 



24 



26 



'34 



V 
42 



12 



10 



44 



RX 

"V 
38 



9749199A2TI > 



W097M9f9? 



PCT/SE97rt)l<M4 



3/4 



10 



14 

A. 



JNFO 
SIGNAL 
SOURCE 



94- 



•16 



TUNEABLE 
TRANSMITTER 




} 



^16 
96^ 



TUNEABLE 
TRANSMfTTCT 
1 



96 



BASE- 
BAND 
SWITCH 



7" 
B4 



T 

36 
46 



TUWEABLE 
TRANSMITTER 




94 



12 



i— — ' ■ — — J 



96 
32 



CONTROLLER 



A. 



48 



WEMORT 



F/C. 6 





1 

RX 






S 




38 







-44 
44 



NUMBER OF ANTENNAS A = J 
COHERENCE BW = 30 
NUMBER OF TCQUENC1ES F = 4 



f 



a 

t 



10 



AVAfLABLE 
FREQUENCIES 



□ 



TfHE INDEX rtr 


? 2 


3 


4 


5 


6 


7 


S 


9 


10 © » o 


FH PATTERN F n : 


1 4 


3 


1 


7 


3 


1 


4 


3 


7 H « A 


AH PATTERN A n : 


1 2 


3 


2 


3 


t 


3 


2 


3 


] a 9 □ 



OOCID: <WO 



f»74Q1QQA?TI > 



WO 97/49199 



1044 



4/4 



FIG. 9 



14 

s 


t6 

Ju 


T02 

S 






104 

s 


]NF0 
SIGNAL 
SOURCE 


TUNEABLE 
IfeANMIITER 

J L 


22 
S 




POWRlZATtOW 






SELECTOR 



i 

? 32 



■92 



105 



10 



CONTROLLER 



108 



42 



12 



RX 

"V 

38 



FIG. 1 0 



14 

INFO 
S?0NAL 
SOURCE 



16 

Jl 



102 
S 

TUNEABLE 
TRANMITTER 



r 

» 

f 

I 

I 

i 

t 

L. 



32 



22 

Jl 



i 



-92 



CONTROLLER 



124 
L_ 

POlAREZATtON 
SELECTOR 



106 



106 



108 



V 
42 



12 



TO 



44 



RX 

\ 
38 



T^-44 



9749199A2TI > 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




(51) International Patent Classification 6 : 
H04B 7/08, 7/94, H04L 1/06 


A3 


(11) International Publication Number: WO 97/49199 
(43) International Publication Date: 24 December 1997 (24.12.97) 


(21) International Application Number: PCT/SE97/01044 

(22) International Filing Date: 13 June 1997 (13.06.97) 

(30) Priority Data: 

08/665,501 18 June 1996 (18.06.96) US 
08/791,195 31 January 1997 (31.01.97) US 

(71) Applicant: TELEFONAKTEEBOLAGET LM ERICSSON 
(publ) [SE/SE]; S- 126 25 Stockholm (SE). 


(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, HU, IL, IS, JP, KE, KG, KP, KR, KZ. LC. LK, LR, 
LS, LT t LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, 
PL, PT, RO, RU, SD, SE, SG, SI, SK, TJ, TM. TR, TT, 
UA, UG, UZ, VN, YU, ARIPO patent (GH, KE, LS, MW, 
SD, SZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, 
MD, RU, TJ, TM), European patent (AT. BE, CH, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, 
SN, TD, TG). 



(72) Inventors: SMITH, David, Anthony; 99 Applegarth, Guildford 
GU2 6LT (GB). OLOFSSON, Hakan, Gunnar; Ringvagen 
50, S-118 67 Stockholm (SE). ALMGREN, Magnus, Knur, 
Vtktoriavflgen 1, S-19I 43 Sollentuna (SE). 

(74) Agents: BANDELIN, Hans et ah; Telefonaktiebolaget LM 
Ericsson, Patent and Trademark Dept., S- 1 26 25 Stockholm 
(SE). 



Published 

With international search report. 

Be/ore the expiration of the time limit for amending the claims 
and to be republished in the event of the receipt of amendments* 

(88) Date of publication of the international search report: 

5 February 1998 (05.02.98) 



(54) Title: TRANSMITTER DIVERSITY ASSEMBLY AND ASSOCIATED METHOD FOR RADIO TRANSMITTER 



18- 



10 



14 



INFO 




BASE- 




SIGNAL 




BAND 




SOURCE 




SWITCH 





TRANSMITTER 
FREQUENCY 1 



18- 



TRANSMITTER 
FREQUENCY n 



22 



-84 



24- 



86 



32 



22 



26 



RF 
SWITCH 



_y^-26 



CONTROLLER 



J>34 



"EMORY K *R 



42 



44 



RX _y^44 
38 



(57) Abstract 

A transmitter diversity assembly (12) and an associated method for a radio transmitter (10). When coupled to a radio transmitter (10) 
to form a portion thereof, signal diversity is created to overcome multi-path fading. A plurality of antennas (26) are freely selectable to be 
coupled to receive bursts of a communication signal, modulated to be transmitted on any of selected carriers. By altering the carriers upon 
which the bursts of the communication signal arc transmitted and the spatially-separated antennas (26) used to transduce the bursts of the 
communication signal, both transmission space diversity and frequency diversity is created. 



074Q1OQA4 I -* 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


Prance 


LU 


Luxembourg 


SN 


Senega] 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


C1I 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


I>C 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SO 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Sweden 






BE 


Estonia 


LR 


Liberia 


SG 


Singapore 







ISDOCID: <WO 9749199A3 I > 



INTERNATIONAL SEARCH REPORT 



Interna' tf Application No 

PCT/SE 97/01044 



A. Ct-ASSRCATtON Of= aJBJECT MATTER 

IPC 6 HQ4B7/08 HO4B7/04 H04L1/G6 



AocordinQ to tntemabonei Patent CI— gieabon (IPC) or to both nanonaJ otaaaifcabon and IPC 



B. HELOS SEARCHED 



Minimum documontaoon eearohed (otaaaifteation system followed by daaaafeabon aymbols) 

IPC 6 H04B H04L 



Doeurnentabon searched other than mmimumdooum»ntanon to the extent tria^ euoh doou merits are included in the n«tde searched 



Elaotronie data baaa oonauted during tha intamabonal season (name of database and, where practica l , eearoh terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* Citation of dooumant, with indication, where appropriate, of tha rele van t passages 



EP 0 622 911 A (IBM) 2 November 1994 



* abstract 


* 










see column 


2, 


line 


29 - 


column 3, line 


11 


see column 


3, 


line 


40 - 


column 4, line 


4 


see column 


4, 


line 


49 - 


column 5, line 


33 


see column 


7, 


line 


39 - 


line 49 




see claims 


1, 


3,5 








see figure 


1 


















-/" 





Relevant to claim Ho. 



7,8,10, 
15-18, 
21,22 
1 



13 



Further documents ara sated in tha continuation of box C. 



m 



Paiant family members ara tatad in a/max. 



• Spaoial oategoriee of cfted documents : 

•A* dooumant oafintng tha genera) state of tha art which te not 

considered to be of perteutar ralavanoa 
•E" mmri^fyKttimmrttHilpi&Mhmdon or mfb^to trdemaboneJ 



T later doounwrtpubTished after the ntamationaJ fting data 
or priority date and not m oonfsot wtth tha appfication but 
citedtotmder*iandtheprir>a^orthe©*y underlying the 



*L* oooumant whioh may throw doubta on priority otairnfe) or 
whioh m cited to aatabliih tha pub l ioab on data of another 
cttation or othar special reason (as specified) 

*CT dooumant rafamng to an oral desotoaum, use, exh«bibon or 
othar mamt 

*P* document pubeehed prior to tha irttemabonaJ fifing dote but 
later than tha priority data claimed 



*X* dooumant of pajtioul«rratevanoa;thaolairnad mvanbon 
oanmitb«oontucwradnova1oroannotb«oomtdafad to 
tnvowo an i nvantwa atep whan tha doounwrt ia taken atone 

*Y* document of parboui&r retevanoe;the claimed Jmrenbon 

cannot b« considered to involve an inv+rtbve atep whan the 
dooumant ia oombined with one or more other suoh docu- 
ments, such oombtnabon being obvioua to a person skated 
in tha art 

*&* doo m i te nt mambar of the same patent fa/rtly " 



Date of tha actual completion of the sTterr»abonal eearoh 

1 October 1997 



Name and meisng adoVeea of tha ISA 

European Patent Offioe. PJB. 5818 Patenttaan 2 

NL-2mHVR4aan>c 

Tat (♦31-70) 340-2040. Tx. 31 651 epo nl. 

Fax: (+31-70) 340-3016 



Data of meitmg of tha international search report 

1 2. 12. 97 



Authorized officer 



Lopez Marquez, T 



0OCID:<WO 



Foim PCTASA/ZtO (second ateaO pi* 1932) 



9749199A3 I > 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Interna 4 Application No 

PCT/SE 97/01G44 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with mdnation l wh«n> appropriate, of tha ratarant paa a ao— 



Ratavant hi claim No. 



EP 0 364 190 A (SUMIH0T0 ELECTRIC 
INDUSTRIES, LTD.) 18 April 1990 



* abstract * 
see column 2, 
see column 2, 
see column 3, 
see column 5, 
see column 7, 



7,10,16, 
17,21,22 
1 



line 14 

line 37 

line 25 

line 10 

__. _ m line 29 
see column 13, line 13 - line 28 
see claims 1,5 
see figure 1 



line 25 

column 3, line 6 
line 35 
line 20 
- column 8, line 



12 



WO 93 20625 A (ERICSSON TELEFON AB L M) 14 
October 1993 
* abstract * 

see page 1, line 21 - page 2, line 1 
see page 4, line 15 - page 5, line 13 
see claims 1-4 
see figure 3 

US 5 430 713 A (GUPTA PAVAN K ET AL) 4 
July 1995 



1.4,6, 
26-28 



1,28 



* abstract * 
see column 1, 
see column 2, 
see column 2, 
see column 3, 
see claim 1 
see figure 2 



line 35 

line 12 

line 66 

line 40 



line 51 
line 29 
column 3, 
column 3, 



line 3 
line 54 



EP 0 213 780 A (LIBERA DEV LTD) 11 March 
1987 

column 2, line 7 
see column 3, line 18 - line 26 
see claims 1,5 
see figure 2 



1.7 



abstract 
see column 1, line 48 



1 



fe»ni PCT/ISA/210 (oontomiabon * Moond ihMtl (July 19921 
iSDOCID: <WO 97491 99 A3 I > 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



tntt Aortal application No. 

PCT/SE 97/01044 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) tor the following reasons: 
1 . | 1 Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. ^] Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be earned out, specifically: 



3. 1 | Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see continuation sheet 



1 . I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' ' searchable claims. 



2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. I | As only some of the required addrtional search fees were timely paid by the applicant, this International Search Report 
■ ' covers only those claims for which fees were paid, specific ally claims Nos. : 



4. | X | No required additional search fees were timely paid by the applicant Consequently, this International Search Report i 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

1-29 



Remark on Protest | j The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 



Form PCT/lSA/21 0 (continuation of first sheet (1 )) (July 1 992) 



International Application No. PCT/ SE 97/01044 



FURTHER INFORMATION CONTINUED FROM PCT/SSA/ 2 10 

Group I: Claims 1 to 29 
Group II: Claims 30 to 43 

Group I relates to - A transmitter diversity assembly and corresponding method 
comprising a set of spaced-apart antennas selectively connected through 
switching circuitry 

Group II relates to - A transmitter diversity assembly and corresponding method 
that Includes at least one dual-polarized antenna and a polarization selector 



SDOCID: <WO 9749199A3 I > 



INTERNATIONAL SEARCH REPORT 

fcuwffnation on patent family imtnten 



Interna it Application No 

PCT/SE 97/01044 



Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


member(s) 


date 



EP 0622911 A 



02-11-94 



US 
BR 
CA 
CN 
JP 
KR 



5507035 
9401624 
2113734 
1096616 
6334636 



9707606 B 



09-04-96 
22-11-94 
31-10-94 
21-12-94 
02-12-94 
13-05-97 



EP 0364190 A 



18-04-90 



JP 2104030 A 
CA 2000321 A,C 
DE 68920257 D 
DE 68920257 T 
EP 0582323 A 
US 5097484 A 
JP 2192230 A 



17-04-90 
12-04-90 

09- 02-95 

10- 08-95 
09-02-94 
17-03-92 
30-07-90 



W0 9320625 A 14-10-93 



SE 


470078 


B 


01-11-93 


AU 


661150 


B 


13-07-95 


AU 


3911593 


A 


08-11-93 


BR 


9305455 


A 


08-11-94 


CA 


2102426 


A 


28-09-93 


EP 


0591491 


A 


13-04-94 


JP 


6508251 


T 


14-09-94 


KR 


9616647 


B 


19-12-96 


MX 


9301720 A 


31-01-94 


NZ 


251482 


A 


26-07-95 


SE 


9200962 


A 


28-09-93 


US 


5329548 


A 


12-07-94 



US 


5430713 


A 


04-07-95 


EP 


0681377 


A 


08-11-95 










JP 


7307716 


A 


21-11-95 


EP 


0213780 


A 


11-03-87 


DE 


3687723 


A 


25-03-93 










JP 


2520115 


B 


31-07-96 










JP 


62059425 


A 


16-03-87 










US 


4761822 


A 


02-08-88 



Fown PCT ASA/210 (paum UtrtOf *nr**x) (>rfy 1992) 



10 



14 



18- 



INFO 




BASE- 


SIGNAL 




BAND 


SOURCE 




SWITCH 



TRANSMITTER 
FREQUENCY 1 



18 



86 



. TRANSMITTER 
FREQUENCY n 



22. 



■84 



24- 



32 
S 



22 



26 



Rf 
SWITCH 



controller^ 

fr-4B 
I MEMORY 



3^34 



42 



12 



44 



RX _J^ 44 
38 



97401 OOP AFP » 



THIS PAGE BLANK 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR 




THIS PAGE BLANK ?J8' 



